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teaching before long became apparent in geological 
literature. It was first translated into French in an 
edition which, thanks to the singular erudition of its 
editor, M. E. de Margerie, has been so enriched with 
footnotes as to become an invaluable work of reference 
for published papers in every department of the wide 
range of subjects whereof it treats. Within the last 
few months the first volume of an English translation 
by Miss Hertha Sollas, under the direction of her 
father, Prof. Sollas, of Oxford, has been issued by the 
Clarendon Press. The labours of Prof. Suess are thus 
placed within the reach of all English-speaking 
geologists in a version which reads more like an 
briginal treatise in our language than as the trans¬ 
lation of a German work. 

That in covering so wide a field as that of the 
“ Antlitz ” -the author has necessarily had to rely on 
recorded observations of unequal value, and that con¬ 
sequently the deductions he has drawn may need to 
be corrected from subsequently obtained fuller and 
more accurate data, will doubtless be admitted by no 
one more frankly than by himself. But even in regard 
to questions which have long been discussed, and re¬ 
garding which abundant facts have long been known, 
there is room for different interpretations from those 
which the professor has adopted. Thus the pheno¬ 
mena of submergence and emergence of land in 
Sweden and the basin of the Baltic are treated by him 
in great fulness and with much ingenuity, but he 
arrives at conclusions strongly opposed to those to 
which prolonged study has led the northern geologists. 
This problem is one of fundamental importance in 
regard to our conceptions of the nature of the move¬ 
ments to which the surface of the globe is subject, and 
it is much to be desired that some general agreement 
in regard to it should be attained. 

Nevertheless, apart from differences of opinion, 
which are inseparable from the growth of such a 
science as geology, and even where one may be most 
disposed to dissent from the views of Prof. Suess, the 
transcendent value of his life-long labours is none the 
less vividly realised now by all who have studied his 
Writings. Their importance in the history of science 
will assuredly be no less fully acknowledged by the 
future generations who will gain from them inspir¬ 
ation and enlightenment. Meanwhile, he has the 
satisfaction of abundant recognition from all civilised 
countries. The learned societies of Europe have vied 
with each other in doing him honour, and not the 
least prominent among them has been our own Royal 
Society, which ten years ago elected him as one of 
its foreign members, and in the year 1903 awarded him 
the Copley medal—the highest distinction which it 
has to bestow. The “ Antlitz ” is not yet completed, 
but the second part of the third volume is far advanced. 
Let us trust that years of rest and quiet work are in 
store for the illustrious geologist, and that he may 
live to finish his work amidst the hearty congratu¬ 
lations of the many fellow-workers who look up to 
him as their master. Arch. Geikie. 
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THE RUDIMENTS OF BEHAVIOUR. 
Contributions to the Study of the Behaviour of Lower 

Organisms. By Prof. Herbert S. Jennings. Pp. 

256. (Washington : Carnegie Institution, 1904.) 

HE author has been for about ten years a careful 
observer of the rudiments of behaviour which 
are exhibited by unicellular and other relatively simple 
animals, and we have read with interest several of 
his previous studies on the reactions of infusorians 
and the like to various sets of stimuli. The general 
impression conveyed was that infusorians and the 
like gave evidence of an exceedingly simple and 
stereotyped mode of behaviour—a mere reaction 
method. When effectively stimulated by agents of 
almost any kind, the animalcule moves backwards 
and turns to a structurally defined side of its minute 
body, while at the same time it may continue to 
revolve on its long axis. In relation to all sorts of 
stimuli, the behaviour seemed exceedingly simple and 
machine-like. But Prof, Jennings has been gradually 
discovering that the simple reaction-formula does not 
cover all the facts, and he now gives us news which 
seems almost too good to be true. 

He finds that even among unicellulars “ the be¬ 
haviour is not as a rule on the tropism plan—a set, 
forced method of reacting to each particular agent— 
but takes place in a much more flexible, less directly 
machine-like way, by the method of trial and error.” 
This is a momentous conclusion, notably in relation 
to comparative psychology. The data are foundation- 
stones for the science of animal behaviour, and the 
author is to be congratulated on his demonstration 
that the wa)^s of even very simple creatures are more 
than series of “ tropisms. ” 

In his “ Introduction to Comparative Psychology ” 
(1894), Dr. Lloyd Morgan told the story of his dog’s 
attempts to bring a hooked walking, stick through a 
narrow gap in a fence. The dog “ tried ” all possible 
methods of pulling the stick through the fence. Most 
of the attempts showed themselves to be “ error.” 
But the dog tried again and again, until he finally 
succeeded. He worked by the method of trial and 
error; and so, Prof. Jennings now assures us, do the 
infusorians. 

“ This method of trial and error involves many of 
the fundamental qualities which we find in the’ be¬ 
haviour of higher animals, yet with the simplest 
possible basis in ways of action; a great portion of 
the behaviour consisting often of but one or two 
definite movements, movements that are stereotyped 
when considered by themselves, but not stereotyped 
in their relation to the environment. This method 
leads upward, offering at every point opportunity for 
development, and showing even in the unicellular 
organisms what must be considered the beginnings of 
intelligence and of many other qualities found in 
higher animals. Tropic action doubtless occurs, but 
the main basis of behaviour is in these organisms 
the method of trial and error.” 

This is not the first time that the dawning of 
intelligence has been discovered in the Protozoa, but 
on previous occasions the discovery has been reported 
by casual observers or by investigators unacquainted 
with the tropisms. Prof. Jennings has made a special 


© 1905 Nature Publishing Group 





o 4 


NA TURE 


[May 4, 1905 


study of the tropisms, and we find him declaring that 
it is almost impossible to describe the behaviour of 
the unicellulars intelligibly without using terms like 
“perception,” “discrimination,” and “intelligence.” 
Of course these are used in an “ objective sense,” and 
1(1 when their objective significance is kept in mind 
there is no theoretical objection to them, and they 
have the advantage that they bring out the identity 
of the objective factors in the behaviour of animals 
with the objective factors in the behaviour of man.” 

From our point of view, Prof. Jennings does not 
strengthen his position using these pre-occupied 
psychological terms; “‘perception’ of a stimulus,” 
he says, “ means merely that the organism reacts to it 
in some way; 1 discrimination ’ of two stimuli means 
that the organism reacts differently to them; 1 intelli¬ 
gence ’ is defined by the objective manifestations 
mentioned in the text.” But this does not seem to 
us the sound line of progress; it leads back to saying 
that the lucifer match perceives the sandpaper on the 
box. It seems safer, in the meantime, to say that 
infusorians alter their behaviour, and alter it 
effectively, in respect to their experience. 

“ Stentor does not continue reacting strongly to a 
stimulus'that is not injurious, but after a time, when 
such stimulus is repeated,: it ceases to react, or reacts 
in some • less pronounced ; way than at first. To an 
injurious stimulus, on the other hand, it does continue 
to react, but not throughout in the same manner. 
When such stimulus is repeated, Stentor tries various 
different ways of reacting to it. If the result of re¬ 
acting by bending to one side is not success, it tries 
reversing the ciliary current, then contracting into 
Its tube, then leaving: its tube, &c. This is clearly 
the method of trial and error passing into the method 
of intelligence, but the intelligence lasts only very 
short periods.” 

With such difficult subjects any evidence of the 
registration , of experience was not to be expected, and 
the author is to be congratulated on having discovered 
considerable evidence in support of the thesis that 
the behaviour of unicellulars is largely a method of 
trial and error, one reaction by trial and error be¬ 
coming the basis for a succeeding reaction. This is 
surely a pathway leading to the high-road of intelli¬ 
gence. 

It is easy to make an inanimate system—a little 
potassium pill on a basin of water, or a tiny wound¬ 
up engine on a smooth table—which, once set 
a-going, will charge against an obstacle, will fail to 
overcome this, will recoil passively and charge again, 
and some observers have thought that, mutatis 
mutandis, the animalcule did little more. But Prof. 
Jennings has shown that the infusorian, in relation 
to its experience of “ error,” changes its little tactics, 
and changes them again, until it succeeds. In a 
word, it profits by experience. The very essence of 
vitality, as Spencer pointed out, is in effective re¬ 
sponse to environment; but when we find an in¬ 
fusorian “ trying ” one response after another, 
abandoning those that spell “error,” we cannot but 
feel,that vitality has been raised to a second power; 
it is just beginning to be intelligent. The infusorian 
is more than a tropic automaton, it is playing a 
little game of tactics; perhaps if we could educate 
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one it would develop the rudiments of strategy. It 
is, of course, extremely difficult to keep to a scrupu¬ 
lous objective record of what occurs, but we incline 
to think that Prof. Jennings has supplied what com¬ 
parative psychologists have been waiting for, namely, 
quite trustworthy accounts of the beginnings of 
selective or controlled behaviour. 

“ The method of trial and error involves some way 
of distinguishing error, and also, in some cases at 
least, some method of distinguishing success. The 
problem as to how this is done is the same for man 
and for the infusorian. We are compelled to postu¬ 
late throughout the series certain physiological states 
to account for the negative reactions under error, and 
the positive reactions under success. In man these 
physiological States are those conditioning pain and 
pleasure. The ‘ method of trial and error ’ is 
evidently the same as reaction by ‘ selection of over¬ 
produced movements, ’ which plays so large a part in 
the theories of Spencer and Bain, and especially in 
the recent discussions of behaviour by J. Mark 
Baldwin. The method of trial and error, which forms 
the most essential feature of the behaviour of these 
lower organisms,- is in complete contrast with the 
tropism schema, which has long been supposed to 
express the essential - characteristics of their be¬ 
haviour. ” 

Instead of referring in detail to the author’s 
studies—(1) reactions to heat and cold in the ciliate 
infusorians; (2) reactions to light in ciliates and 
flagellates; (3) reactions to stimuli in certain rotifers; 
(4) the theory of tropisms; (5) physiological states as 
determining factors in the behaviour of lower 
organisms; and (6) the movements and reactions of 
amoebae—we have sought to explain the chief result 
of his studies in the infant school of life, and to 
emphasise its importance in relation to the general 
theory of animal behaviour. Prof. Jennings has 
rescued the animalculae from the bonds of automatism 
too hurriedly thrust on them, and has afforded a 
secure basis for the study of the evolution of intelli¬ 
gence. J. A. T. 


MECHANISM. 

Mechanism. By Prof. S. Dunkerley. Pp. vi + 408. 

(London : Longmans, Green and Co., 1905.) Price 

9s. net. 

RITERS of text-books on mechanism have, of 
late years, been much influenced by the views 
of Realeaux on the classification of mechanisms, and 
the present work shows clearly the impress of these 
views; but the author has not hesitated to depart from 
the order in which Realeaux presented his theory of 
machines in order to suit the needs of beginners, who 
are apt to find the elaboration of the systematic theory 
somewhat dry if not accompanied by a Wealth of 
illustration drawn from actual machines, even if these 
contain elements the properties of which have not 
been fully explained. 

The author, as appears from his preface, is fully 
alive to the difficulties which the logical treatment of 
the subject presents, and he expressly states that his 
work is not intended to be a philosophical treatise on 
the subject. 

From this standpoint the arrangement of the sub- 
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